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ABSTRACT 
Background: Health literacy may be an important factor in patient health outcomes, 
however, prior research has primarily focused on primary care patients with research in 
orthopaedic specific populations lacking.  
Questions/purposes: The purpose of this study was to examine the relationship between 
health literacy and patient reported outcomes in an orthopaedic patient population. 
Patients and Methods: 183 patients >18 years of age who presented to our institution’s 
sports orthopaedic surgery clinic with shoulder or knee complaints were analyzed. The primary 
outcomes were physical function recorded using Patient-Reported Outcomes Measurement 
Information System (PROMIS) physical function and Single Assessment Numerical Evaluation 
(SANE) scores. Health literacy was determined utilizing Health LiTT, a self-administered 
multimedia touchscreen test based on item response theory that provides a numerical score of 0-
100 with a score >50 suggestive of health literacy. In addition, demographic data including age, 
race, gender, highest level of education, injury location, and surgery status were collected. 
Results:  Bivariate analysis revealed that low health literacy (Health LiTT score <50), GED 
education or less, and lack of employment status correlated with worse PROMIS scores. However, 
regression results suggested that lower physical function correlated with disability status 
(p=0.003), increasing age (p=0.004), having had surgery (p=0.045) and a level of education of 
GED or less (p=0.029).  Being employed (p=0.001) and retired (p=0.044) were predictive of 
improved PROMIS scores. Health literacy scores were not significant in the regression analysis 
(p=0.849). 
Conclusions: Our data showed that PROMIS scores are less reliant on health literacy and 
more dependent on age, employment status, having surgery and low education level achieved. 
Adaptations to clinical practice may be necessary to better guide these select populations and 
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improve patient-reported physical function. Furthermore, PROMIS measures can be administered 
successfully to patients regardless of health literacy. 
Level of Evidence: Level II 
 
Keywords: Health Literacy, orthopaedic surgery, PROMIS score, SANE score, Health 
LiTT, patient reported outcomes 
 
INTRODUCTION 
Health literacy is an important component of patient's health status. The Institute of 
Medicine defines health literacy as "the degree to which an individual can obtain, process, and 
understand the basic health information and services they need to make appropriate health 
decisions. It also depends upon the skills, preferences, and expectations of health information and 
care providers: our doctors; nurses; administrators; home health workers; the media; and many 
others" (White, 2008). This definition encompasses the multifaceted nature of health literacy.  
The practical implications of low health literacy among patients cannot be understated. A 
recent study by the National Assessment of Adult Health Literacy (NAAL) showed a significant 
portion of the US population (38%) have limited health literacy (Education, 2006; Kutner, 
Greenber, Jin, & Paulsen, 2006; McClellan, Wood, Fahmy, & Jones, 2014; White, 2008). A recent 
systematic review of health literacy by Berkman, Sheridan, Donahue, Halpern and Crotty (2011) 
and confirmed by further studies, demonstrated low health literacy is consistently associated with 
more hospitalizations, greater use of emergency care, lower receipt of mammography screening 
and influenza vaccine and poorer ability to demonstrate taking medications appropriately among 
others (Baker, Gazmararian, Green, Ren, & Peel, 2002; Baker, Williams, Parker, Gazmararian, & 
Nurss, 1999). Health literacy may play a major role in a patient’s response to a variety of treatments 
as well. Most of the established studies on health literacy have been performed on primary care 
populations using a variety of different modalities to measure health literacy. Inquiry into the 
subset of orthopaedic surgery patients is lacking with only a few published studies (Badarudeen & 
Sabharwal, 2010; Kadakia et al., 2013). Nonetheless, health literacy has important implications 
for orothpaedic populations. Treatment of orthopaedic injuries requires at times prolonged rehab 
courses with typical alterations in weight bearing status. Identifying patients who may have 
difficulty with understanding treatment protocols may influence their outcome. A study by 
Kadakia et al. (2013) highlighted the fact that less than 50 percent of patients knew what bone they 
fractured, let alone their weight bearing status. Thus research in this field of medicine stands to 
yield important findings that can help improve patient outcomes.  
Measuring health literacy evolved over the past few decades. The two most commonly 
used assessments for health literacy are the Rapid Estimate of Adult Literacy in Medicine 
(REALM), its shortened version, s-REALM, and the Test of Functional Health Literacy 
(TOFHLA) and its short form, the S-TOFHLA (Davis et al., 1991; Davis et al., 1993; Dumenci, 
Matsuyama, Kuhn, Perera, & Siminoff, 2013; Griffin et al., 2010; Parker, Baker, Williams, & 
Nurss, 1995). Despite being widely adopted, critical reviews of the above measurement tools and 
several others have highlighted limited construct validity, limited extrapolation to outcomes, and 
weakness in psychometric properties (Altin, Finke, Kautz-Freimuth, & Stock, 2014; Dumenci et 
al., 2013; Hahn, Choi, Griffith, Yost, & Baker, 2011; Jordan, Osborne, & Buchbinder, 2010). Hahn 
et. al. (2011) developed a relatively new measurement tool based on item response theory (IRT), 
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modern psychometric principles and novel health information in response. This new measurement 
system, Health Literacy Assessment Using Talking Touchscreen Technology, (Health LiTT), was 
determined to reliably measure health literacy (Hahn et al., 2011; Hahn et al., 2014; Yost, DeWalt, 
Lindquist, & Hahn, 2013; Yost et al., 2010). In addition, Health LiTT’s use of IRT-calibrated item 
banks allowed the development of computerized adaptive testing (CAT) thereby enabling shorter, 
individually tailored tests without loss of statistical significance (Fries, Cella, Rose, Krishnan, & 
Bruce, 2009; Hahn et al., 2011; Hahn et al., 2014; Hung, Clegg, Greene, & Saltzman, 2011; Yost 
et al., 2013; Yost et al., 2010). 
Patient reported outcomes (PROs) are a mainstay in following treatments for a variety of 
medical illnesses. Patient-reported outcomes measurement information system (PROMIS) was 
part of the National Institutes of Health Roadmap and was charged with developing improved 
patient reported outcomes (PROs) for chronic illnesses. Using similar item response theory as 
Health LiTT, PROMIS item banks balanced the long questionnaires of static studies such short 
form 36 (SF-36) and disability index of the health assessment questionnaire (HAQ-DI) with shorter 
forms that may lack precision (Aletaha, 2010; Fries et al., 2009; Hung et al., 2011). A specific 
subset of item banks from PROMIS, the physical function, has been shown to be valid in the 
assessment of musculoskeletal pathologies (Fries et al., 2009; Hung et al., 2011). The PROMIS 
physical function score is obtained by providing patients with a questionnaire and can be 
administered once or longitudinally. 
No study to date has examined the impact that health literacy has on patient reported 
outcomes in the orthopaedic patient population using the above validated tools. We sought to 
evaluate the relationship between a patient’s health literacy and patient reported outcomes. Our 
goal was to help identify populations at risk for poor outcomes based on their health literacy status. 
We hypothesized that patients with low health literacy scores determined using the Health LiTT 
measurement tool would demonstrate poorer patient reported outcomes (PROs) by PROMIS 
physical function and single assessment numeric evaluation (SANE) scores.  
 
METHODS 
The researchers obtained IRB approval prior to the initiation of the study. Participants 
included 183 patients from our institution’s sports medicine orthopaedic clinics. Also included 
were the demographics from 24 non-respondent patients who allowed us access to medical records 
to ensure there was no non-respondent bias. The inclusion criteria were any patients presenting to 
the orthopaedic clinic older than 18 years of age and under 90 years of age; English speaking; 
sufficient vision, hearing, cognitive function and manual dexterity to interact with a touch screen 
tablet computer; orthopaedic complaints of either the knee or shoulder joints. Cognitively impaired 
patients were identified if they had a social worker or assistant who accompanied them to clinic 
and noted to have a diagnosis consistent with cognitive impairment in the medical chart. 
Participants were limited to knee and shoulder presenting complaints because those injuries made 
up the large majority of patients seen in our clinic.  
Eligible patients were identified on the clinic schedule and were approached by research 
assistants in either the clinic waiting room, or in a clinic exam room. The patients were educated 
on the purpose and the process of the test and informed consents were collected. The patients were 
then given a touch screen tablet to complete the study questionnaire and assessments.  
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Patients first responded to demographic questions followed by the Health LiTT and 
PROMIS tests.  The Health LiTT test uses response theory principles to test a patients ability to 1) 
read and comprehend health-related print material, 2) identify and interpret information presented 
in graphical format and 3) perform arithmetic operations in order to make appropriate health care 
decisions (Hahn et al., 2011). The  PROMIS physical function domain  tests were administered on 
the touch screen tablet device to utilize computerized adaptive testing (Aletaha, 2010; Altin et al., 
2014; Fries et al., 2009; Griffin et al., 2010; Hung et al., 2011). 
In addition, research personnel obtained a single assessment numeric evaluation (SANE) 
score during the appointment. A SANE is administered by asking the patient to rate the status of 
their injured extremity. This outcome measurement tool provides self-reported outcomes scored 
on a scale of 0-100, where 100 represents full function and 0 represents no function. SANE scores 
have been tested and found to be significantly comparable in accuracy to several more in depth 
injury assessment tools in regards to patient self-reporting of injury status and perception of injury 
impact (Provencher et al., 2012; Shelbourne, Barnes, & Gray, 2012; Williams, Taylor, Gangel, 
Uhorchak, & Arciero, 2000; Winterstein, McGuine, Carr, & Hetzel, 2013).  
Statistical Analysis 
Bivariate analyses were performed using t-tests, ANOVAs, and chi-square tests. The Health LiTT 
score was converted to a dichotomous variable where less than or equal to 50 was considered poor 
health literacy and greater than 50, health literate. The threshold of 50 was chosen as prior research 
demonstrated a Health LiTT score of less than 50 correlated with marginal health literacy on the 
Test of Functional Health Literacy (TOFHLA, Hahn et al., 2011). Furthermore, no prior evidence 
was found to support the use of the score as a continuous variable (Hahn et al., 2011).   
An Ordinary Least Squares (OLS) regression model was created with independent 
variables age, sex (male or female) race (White, Black, or Other), employment status (employed, 
unemployed, disabled, or retired), injury location (knee or shoulder), surgical status (had surgery 
or did not have surgery), level of education (high school, GED, or less; technical school or 
associates degree; bachelor’s degree; master’s degree or higher) and Health LiTT score, with the 
PROMIS score as the outcome. Dichotomous variables were created for each of the categorical 
variables, with one item left out of each category. Missing cases were deleted using a listwise 
deletion method.  
A pre hoc power analysis was performed and it was determined that 117 patients in health 
literate and 39 in health illiterate group were required to detect a four point difference in PROMIS 
score (beta level =.80, alpha level =.05) (R.D., Spritzer, J.F., & E., 2015). Significance was set at 
P<.05. All analyses were performed with SPSS version 23 (SPSS Inc, Chicago, IL, USA) with 
exception of power analysis, which was performed on STATA (STATACorp, College Station, 
TX, USA).  
 
RESULTS 
Table 1 demonstrates the differences in demographics between respondents and non-
respondents. These two populations were very similar with exception for age – non-respondents 
were more likely to be older. All but three patients in the study had some form of insurance as 
listed in their medical chart.  
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Table 1: Demographics by participant status (% or 
mean) 
 
 
Respondent Non-Respondent Significance 
Sex 
  
p=0.88 
Male 47.5% 45.8%  
Female 52.5% 54.2%  
Marital status 
 
p=0.18 
Single 49.2% 45.8%  
Married 39.0% 33.3%  
Divorced 7.9% 20.8%  
Widowed 4.0% 0.0%  
Employment status 
 
p=0.71 
Employed 60.6% 53.8%  
Unemployed 20.6% 23.1%  
Retired 11.0% 7.7%  
Disabled 7.7% 15.4%  
Education 
  
p=0.86 
High school or 
less 
41.1% 44.4%  
Some college 32.2% 22.2%  
College 13.7% 22.2%  
Graduate 13.0% 11.1%  
Race 
  
p=0.51 
White 60.2% 57.1%  
Black 35.9% 42.9%  
Other 3.3% 0.0%  
Age 45.4 51.0 p<0.05 
Sane Score 54.5 54.5 p=0.99 
Insurance 
  
p=0.50 
yes 98.3 100.0%  
no 1.7 0.0%  
 
Table 2 shows the differences in PROMIS scores according to the collected demographic 
data. Employment status (p<0.00), level of education (p<0.05), and the dichotomous health 
literacy variable high vs low (p<0.05) were all found to be statistically different. Higher PROMIS 
scores were seen in employed patients, more highly educated, and those with a higher Health LiTT 
score. 
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Table 2. Differences in PROMIS Scores by 
demographics  
PROMIS Significance 
Sex 
 
p=0.15 
Male 43.5 
 
Female 41.5 
 
Marital status p=0.25 
Single 43.8 
 
Married 41.0 
 
Divorced 41.3 
 
Widowed 40.2 
 
Employment status p<0.00 
Employed 44.6 
 
Unemployed 39.7 
 
Retired 42.9 
 
Disabled 32.9 
 
Education 
 
p<0.05 
High school or 
less 
39.4 
 
Some college 42.0 
 
College 44.4 
 
Graduate 46.0 
 
Race 
 
p=0.62 
White 42.9 
 
Black 41.3 
 
Other 45.3 
 
Health literacy p<0.05 
High 43.4 
 
Low  39.7 
 
Surgery 
 
p=0.43 
yes      41.5 
 
no      42.7 
 
Surgery site 
 
p=0.34 
Knee 43.00 
 
shoulder 41.65 
 
 
We then evaluated patients with low health literacy (<50) and high health literacy (>50) 
with respect to the collected demographic variables (Table 3) to determine factors that may 
influence health literacy. Again, similar trends were found with level of employment (p<0.001), 
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higher level of education (p<0.01), higher SANE (p<0.02) and PROMIS scores (p<0.02), and 
younger age (p<0.02) patients having higher health literacy scores. 
 
Table 3: Factors influencing Health LiTT scores 
 Low Health LiTT 
(<50) 
High health 
LiTT (>50) 
Significance 
Sex 
  
p=0.87 
Male 46.2% 48.5% 
 
Female 53.8% 51.1% 
 
Marital status 
 
p=0.19 
Single 54.0% 46.8% 
 
Married 30.0% 42.9% 
 
Divorced 8.0% 7.9% 
 
Widowed 8.0% 2.4% 
 
Employment status 
 
p<0.001 
Employed 38.1% 69.0% 
 
Unemployed 26.2% 18.6% 
 
Retired 16.7% 8.8% 
 
Disabled 19.0% 3.5% 
 
Education 
  
p<0.01 
High school or less 59.5% 34.0% 
 
Some college 33.3% 31.1% 
 
College 4.8% 17.5% 
 
Graduate 2.2% 17.5% 
 
Race 
  
p<0.02 
White 47.1% 64.6% 
 
Black 52.9% 29.2% 
 
Asian 0.0% 2.3% 
 
Other 0.0% 3.1% 
 
Age 49.8 43.6 p<0.02 
SANE Score 47.9 57.3 p<0.02 
PROMIS score 39.7 43.4 p<0.02 
 
Table 4 demonstrates the OLS regression model to determine the most important predictors 
of PROMIS. Seven outlier cases were discovered and removed during post-hoc tests as the 
standardized residual was greater than two and the Cook’s Distance was greater than 4/n (Fox, 
1991). The final model (n=158) accounted for 26.8% (adjusted r2=.268) of the variance of patients' 
PROMIS scores (F=5.42, p<.001). Being employed or retired compared to unemployed patients 
predicted significantly higher PROMIS scores (p=.001; .044), whereas being disabled compared 
to unemployed patients predicted a significantly lower PROMIS score (p=.003). Having a GED or 
less compared to patients with advanced degrees was significantly associated with a lower 
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PROMIS score (p=.029), as was age (p=.004) and patients who had undergone surgery (p=.045). 
Importantly, the health literacy variable was not significant after accounting for these other factors. 
The OLS model met all assumptions of linear regression with the exception of slight 
multicollinearity. Variance Inflation Factor (VIF) scores for each variable were less than five, but 
the average was above one (1.31), suggesting that multicollinearity may have inflated the model's 
results. 
Table 4: OLS regression model 
Variable b (intercept)  (effect size) Significance 
Race  
White 0.093 0.006 0.938 
Other 0.189 0.005 0.947 
Employment status    
Employed 4.419 0.283 0.001 
Retired 5.101 0.167 0.044 
Disabled -7.161 -0.235 0.003 
Education level  
GED or less  -3.178 -0.192 0.029 
Some technical school -0.19 -0.011 0.897 
College -3.159 -0.112 0.139 
Low Health Literacy 
score 
0.257 0.015 0.849 
Age -0.129 -0.238 0.004 
Male gender 1.909 0.122 0.08 
Surgery -2.451 -0.148 0.045 
Knee chief complaint 0.77 0.05 0.502 
 
DISCUSSION 
The purpose of our study was to evaluate if a patient’s health literacy, as measured by the 
Health LiTT score, could predict patient outcomes based on PROMIS scores. PROMIS scores 
were found to be statistically significantly lower in the lower health literacy group, though these 
differences did not hold up on regression analysis. Our results demonstrated that employment 
status, age, having had surgery, and having a low level of education are more associated with 
outcome scores among participants.  
The most predictive variable for lower PROMIS scores was age. This is not surprising as 
prior studies have shown that PROMIS scores decrease with increasing age (Paz, Spritzer, 
Morales, & Hays, 2013). Thus, the findings of our study are consistent with previously published 
results.  
Level of education played a significant role in patient’s PROMIS scores. Patients with a 
GED or less had statistically significant lower PROMIS scores than their more highly educated 
counterparts. Our results suggest that achieving at least some degree of education after high school 
portended improved physical function scores. However, people with GED or less are also more 
likely to be lower income and as such these findings could be confounded. Employment status had 
the second largest impact on PROMIS scores in our study after age. Both being employed and 
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retired predicted improved PROMIS scores, whereas being disabled was negatively correlated 
with PROMIS scores. This is not surprising as prior studies have shown that patients who self-
identify as disabled have worse outcomes. Furthermore, with this understanding specific 
instruments have been made to predict disability status (McDonough  et al., 2013).  
One interesting finding of this study was that patients who underwent surgery were more 
likely to have worse PROMIS scores. This finding may be due to the fact patients who undergo 
surgery are worse off to begin with and may have lower PROMIS scores as a result. Furthermore, 
we did not specifically look at time from surgery and only treated this as a dichotomous variable. 
Thus, patients in the immediate post-operative period and those outside of this window were 
included in the same group, potentially skewing this interpretation.  
Our study had several strengths when compared to prior studies that evaluated health 
literacy. We utilized well-validated measures to evaluate both physical function (PROMIS 
physical function domain) and health literacy (Health LiTT). The talking touch screen application 
allowed participants who may have been hard of hearing to still participate and otherwise may 
have been excluded. Furthermore, our study was the largest in the orthopaedic literature to evaluate 
health literacy. Ultimately however, the Health LiTT score did not correlate with physical function 
scores.  
Our study did have several limitations. We did not collect all variables that may have 
impacted physical function. Our regression model demonstrated that we only accounted for 26.8% 
of the variance in PROMIS scores. The regression model did show that age, occupation, and level 
of education were independent variables in predicting PROMIS scores, but the rest of the variance 
remains unaccounted. The inclusion of additional variables may have found more powerful 
predictors of poor outcome. Despite having a large sample size, we were not specifically powered 
to look at other variables in the study and a larger population may have demonstrated further 
significant predictors of physical function. Our study population was somewhat heterogenous in 
terms of diagnoses. Including both shoulder and knee patients in the study may have confounded 
our results as these may be divergent populations to begin with. Furthermore, we did not separate 
the types of surgeries patients underwent, timing from surgery, and the impact of post-operative 
protocols such as weight bearing status. Although we believe a heterogenous population makes 
our results more applicable to a practicing orthopaedic surgeon’s patient population, this certainly 
may have included confounders in our data. Future study designs may warrant evaluating a more 
isolated population.   
We were not able to find a correlation between a patient’s health literacy score and their 
physical function, as measured by PROMIS. However, recognizing poor health literacy is still 
important. A recent study in an orthopaedic trauma population found that overall patient 
comprehension of their orthopaedic injury and treatment were low (Kadakia et al., 2013). Less 
than 50% of patients in that study knew which bone was fractured or their weight bearing status; 
less than 20% knew the expected healing time for their fracture. Patients who had completed a 
high school level of education or less scored worse when compared to those with higher level of 
education.  Unfortunately they did not assess health literacy in their patients, but rather used a non-
validated questionnaire (Kadakia et al., 2013). The study did highlight the importance of 
understandings patients level of education, which is one aspect of health literacy. We found that 
the level of education was the second most important negative predictor of physical function.  
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Our study serves as a starting point to determine which factors can be altered to improve 
outcomes in orthopaedic populations. Often times age and disability status are not modifiable. 
While level of education can at times be included in this category, specific interventions can still 
be tailored to these patients to attempt to improve not only their literacy, but outcomes; with the 
latter being harder to prove (El Morr, Alhamza, Ng, Purewal, & Al-Omran, 2017).  Despite the 
impetus to provide education material suitable to patient’s level of reading level, current evidence 
continues to show that we need to ensure education materials are at an appropriate reading level 
(Roberts, Zhang, & Dyer, 2016). The relationship between health literacy and health disparities 
however, is not absolute. A recent systematic review found the relationship to be mixed and limited 
by the variety of tools used to measure both health outcome and health literacy (Mantwill, 
Monestel-Umaña, & Schulz, 2015).  
In summary, our study demonstrated that low health literacy may play a role in lower 
patient reported outcomes from orthopaedic injuries. However, employment status, age and a low 
level of education are stronger predictors of patient reported outcomes. Further studies on what 
factors affect patient outcomes including health literacy can help orthopaedic surgeons better 
predict patient outcomes following injury. 
 
CONCLUSION 
Our data demonstrated that PROMIS scores are less reliant on health literacy and more 
dependent on age, employment status, having surgery and low education level achieved. 
Adaptations to clinical practice may be necessary to better guide these select populations and 
improve patient-reported physical function. 
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